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[57)  ABSTRACT

‘Magnetic articles (10) are advanced in single file within

a tube (14) for dispensing therefrom. A first magnetic

~ device (20) establishes a magnetic field to releasably

seize the leading article (10) such that trailing articles
(10) are stopped in the tube (14). A second magnetic

‘device (22) operates at a fixed location along the tube

(14) and establishes a magnetic field to releasably seize
the next trailing article (10) in the tube (14). A mecha-
nism (40) then indexes the device (20) with the seized,
leading article (10) a sufficient distance away from at-
traction of the second device (20) such that, when the
leading article (10) is released by device (20), it 1s also
released from tube (14).

12 Claims, 6 Drawing Figures
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1
DISPENSING MAGNETIC ARTICLES

TECHNICAL FIELD

'This invention relates to dispensing magnetic articles.
More particularly, this invention relates to dispensing
magnetic articles from a feeding apparatus individually
and successively in an oriented manner. |

BACKGROUND OF THE INVENTION

In the assembly of products in a production line,

small articles are sometimes individually introduced

into receiving apertures of larger components. For ex-

amplc, in assembling a telephone, small compression
springs are each inserted into one of an array of aper-
tures comparable to an array of push buttons on a tele-
phone set. A problem is to insert such light articles in a
rapid, positive and economical manner. |
Imtlally, each spring was manually inserted. into an
aperture in a funnel block having the desired array of
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apertues. The funnel block was then ahgned with the

telephone set and a fully array of springs were trans-
ferred to the set. More recently, attempts were made to

vibratory load the springs into such funmnel blocks.

However, the springs are so light and responsive to
vibration that such loading 1s fraught with difficulty.
Even assuming that the loading could be accomplished
by vibratory methods, each array of springs must then
be transferred to a set. Consequently, it would seem
better to introduce the springs d1rcctly into a telephone
set.

Assummg such articles contain magnetic matenal
‘1.e., material which is attracted to a magnet, 1t would
seem advantageous to magnetically manipulate the
parts to achieve the assembly. One problem is that arti-
cles behave differently in a magnetic field depending
upon the complexity of their structural elements. For
example, if an article is solid and elongate, like an iron
reed, its behavior 1s predictable. In a field having linear
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articles in single file along a pathway. A first magnetic
device 1s provided for releasably seizing the leading
article in the file such that trailing articles are stopped
along the pathway. A second magnetic device is pro-

vided, fixedly located with respect to the direction in

which the pathway extends, for releasably seizing the
next trailing article in the file; and apparatus is provided
for releasing the leading article from the pathway.

In another embodiment, the apparatus for releasing
the leading article includes mechanisms for operating

~ the first and second magnetic devices in stages. In a

further embodiment such operating mechanisms include
mechanisms for advancing a seized, leading article
along the pathway a sufficient distance away from at-
traction of the second magnetic device such that when
said leadmg article is released from the first ‘magnetic
device, it is also released from the pathway.

In a method for dispensing magnetic articles, such
articles are advanced in single file along a pathway and
the leading article is releasably seized by first magnetic
means such that trailing articles are stopped along the
pathway. The next, trailing article in the file is then
releasably seized by a second magnetic device, which is
fixedly located with respect to the direction in which

‘the pathway extends, and said leading article is then

released from the pathway.

~ BRIEF DESCRIPTION OF THE DRAWINGS

The above-described and other objects, advantages
and features of the invention will be more readily un-
derstood from the following detailed dcscnptlcn when
read In ccn_]unctlon with the accompanying drawing,
wherein:

FIG. 1is an elevational view; depicted partially sche-
matically, of apparatus in a first stage for disPcnsing

- magnetic articles in accordance with the instant inven-

and coparallel flux lines, the reed will become oriented 40
parallel to the flux lines. The behavior of articles having

complex structural elements is not so predictable. For
example, an elongate, helically coiled spring is found to
become oriented transversely of linear, coparallel ﬂux
lines.

U.S. Pat. No. 3,311,259 to F. J. Brown dlsclcscs a
system for magnetically dispensing from a tube, rela-

45

~ tively heavy articles having a simple magnetic struc-

ture. The system induces repelling forces into articles at
their contacting ends. The pressure of articles in a file
~ holds such articles when a dual magnet assembly is
indexed to separate and dispense a leading article. It is
advantageous to have a system which 1s more readily
adaptable to articles regardless of weight or magnetic
structure so that file pressure and/or mduced poles are
of minor importance.

SUMMARY OF THE INVENTION

In view of the foregoing, it is an object of this inven-
tion to provide new and improved apparatus and meth-
ods for dispensing magnetic articles. Another object of
the invention is to maintain orientation of articles as
they are dispensed even though such articles may have
complex magnetic structures. A further object is to
dispense such magnetic articles individually and succes-
sively. |

With these and other objects in mind, the present
invention includes a tube adapted for advancing the
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tion.

FIG. 2 is the same view as FIG. 1, wherein the appa-
ratus is in a second stage for dispensing such articles.

FIG. 3 is the same view as FIG. 1, wherein the appa-
ratus is in a third stage for dispensing such articles.

FIG. 4 is a plan view of a preferred, permanent type
magnet for dispensing articles in accordance with the
instant invention. |

FIG. 5 is an elevational view of the magnet shown in

FIG. 4.

FIG. 6 1s an elevational view, also shown partially
schematically, of apparatus including three -magnetic
devices, for dispensing magnetic articles.

It can be seen that some elements in the figures are
abbreviated or simplified to highlight certain features of
the invention. Also, where appropriate, reference nu-
merals have been repeated in the figures to designate the
same or corresponding features in the drawing.

DETAILED DESCRIPTION
The Magnetic Articles
In each of FIGS. 1-3, there appears at least one mag-

60 netic article 10 which is dispensed from a tube in the

65

practice of the invention. For purposes of illustration
and discussion, the articles 10 will often be referred to
hereinafter as compression springs 10. However, it will
be appreciated that other magnetic articles can as well
be dispensed in the practice of the invention.
Referring to FIG. 1, the spring 10 has a cylindrical
shape, typically about 5 m.m. in diameter and about 25
m.m. in length. Such shape is formed by winding a wire
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element about a theoretlcal cylmder and crossing nght“ :

e

sections thereof at constant. ebhque angles to form a

circular ends permlt the: spnngs to be disposed with
upright posture in vertical apertures or in a tube.

The circular ends also permit the spnngs to be longi-
tudinally disposed, in single file and in contact with
little fear of entanglement. When so disposed in a verti-
cal column extending to a height of about 1 to 2 meters,
there is little compression of the lower springs because
of the light weight of the articles in the column. Each
article 1s constructed of about 22 cm. of 32 gauge wire
for a total weight of about 0.13 grams. Because of their
light weight and spring temper, the articles 10 are quite
resilient and tend to bounce readily when any longitudi-
nal movement thereof is blocked by an escapement
mechanism.

4
tubes 14 could be employed to delwer articles 10 to an

_ escapement assembly Thereafter, such tubes can be
helix. Circular coils are wound-in right cross sectional

planes at each end to obtain the cylindrical shape. Such -

15

Although the articles 10 are referred to as compres-

sion springs, it is seen that they tend to revert to their
original shape after being extended or compressed.
Such articles 10 would be expected to have more com-
plex kinetic behavior than solid, linear articles.

The fact that the springs become oriented trans-
versely of linear, coparallel flux lines, suggests that a
series of paths of low reluctance passes through or be-
tween loops formed by the coils and a path of high
magnetic reluctance passes along the longitudinal axis
of a spring 10. Accordingly, one would expect a series
of north pole phenomena extending along one side of
the cylindrical shape and a concommitant series of
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south pole phenomena extending along a diametrically

opposite side. It is likely that such phenomena run in
gently curving spirals rather than straight lines because
of imperfect symmetry of construction. Clearly, the
complexity of such construction calls for a reliable tech-
nique for guidably controlling the orientation and ki-
netic behavior of the articles 10.

Advancing The Articles

Vibratory loaders are conventionally employed to
feed articles such as compression springs 10 into tubes
for guidance. Thereafter such articles 10 are typically
advanced by an artificially applied force such as air
pressure. For advancing the articles vertically down-
ward, either air pressure or the force of gravity or both
may be employed.

Referring to FIGS. 1-3, a tube 14 can be seen advanc-
ing articles 10 in a vertically downward manner. In the
illustrative exam;:le the springs 10 are advanced in
Intimate contact in single file within the tube 14. Such a
tube 14 need not be closed along the longitudinal axis if
mechanical forces or the force of grawty are applied to
the articles. Of course, if air pressure is employed a
fully closed pathway afforded by tube 14 is desirable.

Tube 14 may be constructed of conventional materi-
als which are either rigid or flexible. When a magnetic
escapement is employed, as in FIGS. 1-3, the tube mate-
rial should be non-magnetic, i.e., it should not be at-
tracted to a magnet. A clear, plastic material provides
an excellent tube 14 because articles 10 can be visually

observed. Such tubing is flexible; i 1nexpenswe and non--

magnetic.
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converged and terminated in an array. of ends corre-
sponding to the array of apertures in a telephone set.

- The Magnetic Escapement
Referring to FIGS. 1-3, a magnetic escapement is

“seen designated generally by the numeral 18. Escape-

ment 18 includes a first magnetic device 20 which will

10 also be referred to herein as a lower device 20 for the

preferred embodiment of the invention. Device 20 is
provided to releasably seize the leading article 10 in a
vertical file of articles such that trailing articles 10 are
stopped along tube 14. Device 20 establishes a magnetic
field within tube 14 which is sufficiently strong, when
taken with the magnetic structure of the articles 10, to
seize the leading article and resist pressure thereupon
from the file of articles 10. Such pressure includes the
weight of such column and any other advancmg forces
applied thereto. :

Above device 20 there is a second, similar magnetic
device 22 which is provided to releasably seize the next
trailing article in the file. It will be seen that device 22
has properties which are similar to those described for
device 20. It will also be seen that device 22 is operated

‘at a fixed location along tube 14 for the articles 10.

In the illustrative example, device 20 is reciprocated
toward and away from tube 14 by a mechanism 14.
Device 22 is similarly reciprocated by a mechanism 26.
For descriptive purposes mechanisms 24 and 26 will be
considered as air driven cylinders having pistons 28 and
30, respectively. Cylinder 26 is mounted to a fixed plate
32 having a member 34 to guide the magnetic device 22.
Cylinder 24 is mounted to an indexable plate 36 having
a member 38 to guide the magnetic device 20. Plate 36
and the apparatus mounted thereon are indexed down-
wardly by a mechanism 40 which is here considered as
an air driven cylinder having a piston 42 which is up-

~wardly biased by a compression spring 44. Cylinder 40

is mounted to a plate 46 which positions device 20 such
that there is a given distance D1 between the centerlines
of devices 20 and 22 in FIG. 1 when piston 42 is in the
up or extended position. It will be seen that mechanisms
24, 26 and 40 could as well be other reciprocating mech-
anisms such as solenoids for driving piston rods. It will
also be appreciated that the reciprocal motion need not
be linear. For example, devices 20 and 22 could be
pivotally mounted so the active ends thereof would
move arcuately toward or away from tube 14. |

Operatlon

The apparatus for releasing the leading article from
the pathway is advantageously operated in three stages
exemplified by FIGS. 1, 2 and 3. In FIG. 1, device 20 is

moved toward tube 14 to establish a magnetic field

~therein to seize the leading article 10 such that trailing

60

Although only one tube 14 is shown in FIGS. 1-3; it

should be evident that a plurality of tubes 14 delivering
a plurality of articles 10 could be employed in the prac-
tice of the invention. For example, to load an array of

twelve apertures in a telephone set, a group of twelve

‘65

articles 10 are stopped along tube 14. Device 22 is
moved away from tube 14 to remove its magnetic field
sufﬁelently from tube 14 to release an article 10 there-
from.

In FIG. 2, the dewce 22 is moved toward tube 14 to
establish a magnetic field therein to seize the next trail-
ing article in the file. Device 20 remains adjacent to tube

- 14, still seizing the leading article 10. However, cylinder

40 is now operated to downwardly index plate 36, cylin-
der 24 and device 20. The result is that the leading
article 10 is separated from the next trailing article 10 to
avoid any magnetism induced therefrom. Such leading
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article is also advanced along the pathway 14 a dlstance
D2 to avoid effective field attraction of the devwe 22
upon such leading article 10. ~

In FIG. 3, device 22 remains adjacent to tube 14, still
~ seizing the next trailing article 10. However, cylinder 24
- 15 operated to withdraw device 20 from tube 14, releas-
ing the leading article from the magnetic field. Also,
cylinder 40 is released whereby spring 44 returns the
plate 36, cylinder 24 and device 20 to the initial position.
‘When the leading article 10 is released, it advances
downwardly out of the pathway formed by tube 14 and

into an aperture S0 in a telephone set.

The Magnetic Devices '

FIGS. 4 and 5 illustrate a magnetic device deSIgnated
generally by the numeral 60 which is preferred for
either or both devices 20 and 22 in the practice of the
invention. Device 60 includes a core magnet 62 which is
about 0.38 inches thick by about 0.75 inches high by
about 2.0 inches long. A suitable material for magnet 62
is a molded permanent magnet material such as that sold
by 3M Company of Minneapolis, Minnesota under the
‘trade name “Plastiform Natsyn PL-1.” Core 62 is mag-
netized through its thickness which establishes two
major surfaces having the polarity designated in FIG. 4.
Magnet 62 is enclosed between a sheet-like member 64
which is about 0.05 inches thick and made of hot rolled
steel which is permeable to magnetic flux. Member 64 is
- formed along two sides into substantially parallel pole
pieces 66 and 68, each being disposed ad_]acent to and
extending along tube 14.

Referring again to FIGS. 4 and 5 it can be seen that
magnet 62 establishes, through sheet 64 and its pole
pieces 66 and 68, an advantageous magnetic field for
seizing articles 10. Note that the flux from pole pieces 66
and 68 travel in essentially horizontal paths in the fig-
ures. Note also, at a given elevation in tube 14, that
successive, planar layers of flux are established extend-
ing transversely of tube 14, at least in the mid-height
portion of device 60. Such layers are seen to be prefera-
ble for springs 10 because the layers extend along paths
of low reluctance therein.

The effect of such flux layers upon a spring is shown
in FIG. 5. The spring 10 is drawn with substantially
uniform pressure upon the inside wall of tube 14. It will

10
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30
‘simplicity FIG. 6 illustrates only a second stage in oper-
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ship among the aspects and features of the invention to
dispense a particular magnetic article. In this regard, it
should be apparent that the leading article need not be
advanced before it is released if a careful relationship is

‘achieved between the strength of the force fields, the

distance D1 and the magnetlc structure of the articles
10. : -

It 1s noted that an extenswe settmg of distance D1 or
the indexing of a device 20 are practiced to avoid para-
sitic magnetism of device 22 upon a leading article 10.
Another way to avoid parasitic magnetism on the lead-
ing article is shown in FIG. 6. Instead of seizing the
leading article and advancing it away from the second
magnetic field, an offsetting magnetic field is created.
In the illustrated embodiment of FIG. 6, the cylinder
24 1s mounted in a fixed position along tube 14 and
device 20 also operates at a fixed location along tube 14.
A third magnetic device 54 is provided at a distance D2
from the first device 20. Device 54 is operated by a
mechanism 56 which is here considered as an air driven
cylinder connected to device 54 by a piston 58. Cylin-
der 54 i1s mounted in a fixed position and device 54
operates at a fixed location along tube 14.

The function of the third device 54 is to releasably
attract the leading article 10 sufficiently to offset attrac-
tion of the second device 22 upon such article. Such
function could be considered a substitute for the index-
ing feature shown and described for device 20 in the
preferred embodiment.

Although there are three stages of operatlon, for

ation of the embodiment. In the first stage the upper
device 22 1s withdrawn and the middle and lower de-
vices 20 and 54, respectively, are extended. At this stage
the leading article 10 is seized by device 20 and the
lower device 54 attracts such article sufficiently to off-
set later attraction by the upper device 22 thereupon. In
the second stage, as exemplified in FIG. 6, the device 22
1s extended to tube 14 to seize the next trailing article 10
in the file and device 20 is thereupon withdrawn to
release the leading article 10. Such leading article is
permitted to advance beyond effective attraction there-
upon by device 22 and, in the third stage, device 54 is

- withdrawn to release such leading article 10 from tube

45

be appreciated that an article having a linear reed struc-

ture would also be drawn upon the wall but with an
accompanying torque action. Since each end of such a
linear article tends to exhibit polar phenomena, one end
would be attracted to a pole 66 and the other to a pole
68 to form a force couple. Such a couple would assist in
gripping a wall of a tube 14.

Alternate Embodiments

It will be apparent to a practitioner of ordinary skill
in the art that there are interacting relationships among
many aspects and features of the invention. It has been
mentioned that the magnetic devices create force fields
of sufficient strength to seize a leading article and hold

it against the weight of the file of articles and other 60

advancing forces. If the force fields are very strong, if
the articles retain magnetism well or if the articles are
very inductive of magnetism, the problem of separating
the articles may be accented. The preferred embodi-
ment shown in FIGS. 1-3 is considered to be quite
tolerant of miss-matches in these relationships. Never-
- theless, it seems evident that a practitioner can, with
little experimentation, determine the proper relation-

50

14. If the devices 20, 22 and 54 are all of the same mag-
netic attraction, it is often desirable, although not abso-
lutely necessary, to hold distance D2 equal to or less
than D1. |

It will be appreciated that many magnetic devices 20,
22 or 54 could as well be employed in the practice of the

- invention. Permanent magnets have previously been

35
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alluded to which are reciprocated either linearly or
arcuately. Electromagnets could as well be used with
switches to selectively energize circuits such that se-
lected ones of the articles are seized or released. Flux
absorption shields could also be employed in combina-
tion with fixed magnetic devices. For example, soft iron
plates could be inserted between respective magnets
and articles to seize or release selected ones of such
articles.

There have been illustrated herein certain embodi-
ments of the invention and certain applications thereof.
Nevertheless, it is to be understood that various modifi-
cations and refinements may be made and used which -
differ from these disclosed embodiments without de-
parting from the spirit and scope of the present inven-
tion.

What is claimed is:
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| Apparatus for dispensing magnetlc artlcles, COm-
prising: s R
-means for advancing the artlcles in smgle file aleng a
pathway; : e B
first magnetlc means for releasably seizing the leadmg 5

article in the file such that traﬂlng articles are

stopped along the pathway; -
second magnetic means, for operatlon at a fixed loca-
tion along the pathway, for releasably seizing the
next trailing article in the file; 10
means for advancing a seized, leading artlcle along
the pathway a sufficient distance from attraction of
the second magnetic means that when said article is
released by the first magnetic means, said article is
also released from the pathway; and 15
means for releasmg sa.ld leading article from the path-
~ way.

2. Apparatus as in claim 1, wherein the means for
releasing the leading article further comprises:

means for operating the first and second magnetic

means in stages, first to seize the leading article,
second to also seize the next trailing article and
third, after the seized, leading article is sufficiently

“advanced, to release the leading article from the
first magnetic means such that said leading article is
released from the pathway.

3. Apparatus as in claim 1 wherein the magnetic
means include permanent type magnets, further com-
prising: o 10

means for reciprocating respective magnets toward

and away from the pathway to selze or release
selected ones of the articles.
4. Apparatus as in claim 1 wherein the magnetic
means include electromagnets, further comprising: 35
means for selectiVely energizing respective electro-

magnets to seize or release selected ones of the
articles.

5. Apparatus as in claim 1, wherein the magnetic

means include flux absorption shlelds and, further com- 4

prising:

- means for w1thdraw1ng or msertmg said shlelds be-
tween respective magnets and articles to seize or
release selected ones of such articles. =

6. Apparatus as in claim 1, wherein the advancing 45

‘means further comprises:

a tube made of non-magnetic material; and

means for supplying power therein, to advance the
articles in an oriented manner. |

7. Apparatus as in claim 1, wherem the magnetic 50

means further comprises:

20

8
a permanent type magnet having two major, polar
surfaces; |

magnetically permeable sheet-llke members covermg

at least the two polar surfaces and ending in two
linear ends formed into substantially parallel pole

- pieces, each disposed adjacent to and extending
along the pathway such that successive, planar
layers of flux are established transversely of the
pathway. | -

8. A method of dispensing magnetic articles, compris-
ing:

advancing the articles in single file along a pathway;

releasably seizing the leading article in the file with

first magnetic means such that trailing artleles are
~ stopped aleng the pathway;

releasably seizing the next trailing arucle in the file

with second magnetic means 0perat1ng at a fixed
location along the pathway; |

advancing the seized leading article along the path-

way, a sufficient distance from attraction of the
second magnetic means that when said article is
released by the first magnetic means, said article is
also released from the pathway, and

releasing said leadmg article from the pathway.

9. A method as in claim 8, wherem the releasmg step
further comprises: :

operating the first and second magnetic means in

stages, first to seize the leading article, second to
also seize the next trailing article and third, after
the seized, leading article is sufficiently advanced,
- to release said leading article from the first mag-

. netic means to release said leading article from the

pathway.

10. A method as in claim 8, wherein the magnetic
means include permanent type magnets, further com-
prising, as part of the releasing step: |

reciprocating respective permanent magnets toward

or away from the pathway to seize or release se-
lected ones of the articles.

11. A method as in claim 8 wherein the magnetic
means include electromagnets, further comprising, as
part of the releasing step:

selectively energizing respective electromagnets to

‘seize or release selected ones of articles.

12. A method as in claim 8, wherein the magnetic
means include flux absorption shields, further compris-
ing, as part of the releasing step:

withdrawing or inserting shields between respective
magnets and articles to seize or release selected

‘ones of the articles.
' ¥ * ¥ X *
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